, sulphate 40, mannitol 80 mmol/l; 275 mOsm/kg) confirmed published data on minimal water and sodium absorption. Experimental solution VI produced maximum water absorption (mean (SE) +1660*0 (29.8) ml/h) significantly greater than solution II (+1195*3 (79-5) ml/h), III (+534.7 (140.3) ml/h), IV (+1498.0 (42.7) ml/h), and V (+1327.7 (24.4) ml/h; p<005). Sodium absorption was significantly greater with solution II (+97.4 (7.9) mmol/h) compared to VI (+43.3 (7.8) Accepted for publication 31 October 1989 centage of the mean, was < ± 8%). This occurred half an hour after no sulphobromophthalein was detected in the rectal effluent, as judged by the absence of a colour change on alkalinising the effluent with saturated sodium hydroxide.
The subject was perfused with solution I (Table I) in the evening to clean the intestinal lumen of food debris and faecal matter. This solution has been shown to result in minimal water and electrolyte fluxes during whole gut perfusion,'8 and is an effective means of cleansing the intestine of particulate matter. The polyvinyl tube was left in place overnight and the subject was permitted only water. The next morning the subject was perfused with one of the glucose-electrolyte solutions (Table I) .
GLUCOSE CONCENTRATION PROFILE OF THE SMALL INTESTINE
Six healthy volunteers were studied to determine the glucose concentration profile of the small intestine after the subject had ingested solutions containing glucose. Each subject swallowed four polyvinyl tubes glued together and weighted with a mercury bag. These tubes were positioned fluoroscopically such that the proximal tube opening was in the jejunum immediately distal to the ligament of Treitz and the openings of the other three tubes were at 45, 90, and 135 cm, respectively, from the ligament of Treitz. The subject then drank 600 ml ofa glucose solution in water over a 10 minute period. Solutions containing glucose in concentrations of 100, 140, 250, and 350 mmol/l were studied. Some 1-2 ml of the ingested solution was aspirated from each tube and stored at -20°C until analysed for glucose. Three hours later the subject ingested another glucose solution and intestinal fluid was aspirated and stored as described above.
All reagents used were of analytical grade. (Table II) . At the end of the study, however, none of the subjects was clinically acidotic.
Other results
The time required for the rectal effluent to become free of sulphobromophthalein after injection into the infusion port (equilibration period) ranged from 1 hour 5 minutes to 4 hours 30 minutes (Table III) .
Rectal flow rate was significantly greater with solution I compared to II, IV, V, and VI (p<0 001, Table III from the glucose concentration in the ingested solution (Fig 3) . Glucose was almost completely absorbed in the first 135 cm of the small intestine distal to the ligament of Treitz.
Discussion
The glucose concentration profiles in the small intestine obtained after solutions with different concentrations of glucose were drunk show that the glucose concentration does not change appreciably until the proximal jejunum. This observation justifies the use of the whole gut perfusion technique (in which solutions were perfused into the distal duodenum) to compare the effects of different glucose-electrolyte solutions, which in practice are taken orally, on water and electrolyte transport.
In attempting to design an oral rehydration solution which could produce maximum water absorption, we took advantage of data from human'422 and animal studies56 which showed that the glucose concentration, osmolality, and the glucose:sodium ratio are important determinants of intestinal water absorption from a glucose-electrolyte solution. The present study supports jejunal segmental perfusion data'423 in that solutions with glucose concentrations of -200 mmol/l resulted in diminished water absorption compared to lower glucose concentrations. It is not surprising that the effect of glucose on water absorption derived from human and animal jejunal segmental and human whole gut perfusions are similar, because glucose exerts its maximum effect on water transport in the jejunum and is not a potent stimulant of water absorption in the ileum'4 and colon.24 The glucose concentration profile in the small intestine, after solutions containing glucose were drunk, confirms that nearly all the ingested glucose is absorbed in the jejunum irrespective of the initial concentration.
In contrast to glucose, there is no parallel in sodium transport between human and animal segmental intestinal perfusions and human whole gut perfusions. Small intestinal perfusions in both rats and humans have shown that sodium absorption usually occurs at concentrations >90 mmol/l.525 It is possible that this is a peculiarity of the segmental perfusion system as here the role of the colon in sodium homoeostasis is completely ignored. Indeed, the human colon has an equilibrium concentration for sodium absorption as low as 30 mmol/l and it is probable that the relatively inefficient sodium absorption by the jejunum is offset by efficient sodium absorption by the colon. Furthermore, the higher flow rate in the whole gut perfusion study could result in a better mixed, but thinner unstirred water layer than at the lower flow rates used in the segmental perfusions and allow for more efficient sodium absorption.
The glucose:sodium ratio is believed to influence water absorption from a glucose solution containing sodium. It has been suggested that glucose:sodium ratios of 2:1 to 2-8:1 produce maximum water absorption.526 In the present study, solution VI, which has a glucose: sodium ratio of 2-7, did stimulate water absorption at a significantly greater rate than the other solutions (II to V) which have glucose:sodium ratios of either <2-1 or >2-8. These solutions, however, have markedly different osmolalities which could have contributed to the results obtained. It is impossible to determine from the present study the relative contributions of osmolality and glucose:sodium ratio on net water transport.
One of the reasons for including base precursors -for example, bicarbonate, acetate, and citrate -in oral rehydration solutions is that they stimulate water and sodium absorption. lo 27 28 The present study suggests that a glucose solution containing bicarbonate (solution II) does not provide an advantage in water absorption compared to a bicarbonate free solution with a comparable glucose concentration (solution IV), confirming the results of our rat intestinal perfusion studies.' Bicarbonate loss did occur during whole gut perfusion with bicarbonate free solutions, but did not result in clinical acidosis. This is probably because the kidneys are capable of correcting (within limits) bicarbonate loss without base precursor supplementation so long as normal renal perfusion is maintained. Indeed, clinical trials which compared bicarbonate free oral rehydration solutions with solutions containing bicarbonate showed that there was no difference in the morbidity, mortality, and purging rates in these two groups studied.'629 Excluding bicarbonate from oral rehydration salt packets would decrease cost and simplify packaging, which are important considerations in developing countries.
The effect that flow rate has on water and solute transport should be considered when interpreting the results of perfusion studies. This is particularly important in the present study because although the initial flow rates were identical (30 ml/min), the flow rates of the solutions as they moved down the intestine were different as evidenced by the different rectal flow rates (Table III) . Flow rate directly determines the solute load (initial solute concentration x flow rate). This in turn has a pronounced effect on glucose absorption and a less striking effect on water absorption during segmental perfusions. 
